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A B S T R A C T   

Purpose: Dry eye disease has public health and economic significance. Platelet-rich plasma is rich in anti- 
inflammatory agents and growth factors, both beneficial for ocular surface repair. This study aimed to 
conduct a systematic review and meta-analysis to summarize the benefits of platelet-rich plasma for treating dry 
eye disease and its adverse effects. 
Methods: Prospective comparative studies using platelet-rich plasma as monotherapy for dry eye disease were 
included for efficacy assessment. Before-after studies were included for adverse events assessment. Data sources 
included PubMed, Google Scholar, Web of Science, and Scopus. A systematic review and meta-analysis protocol 
was pre-registered on PROSPERO (CRD42022347982). PRISMA guidelines were followed. The National Health 
Institute (NIH) quality assessment tool for before-after studies, the Cochrane risk of bias tool (RoB2), and the 
methodological index for non-randomized studies were used to assess the risk of bias. Heterogeneity was assessed 
using the I2 statistic. 
Results: 19 studies (10 comparative and 9 before-after) were included in the systematic review and meta-analysis. 
The occurrence rate of adverse effects was 2.6 % (95 % CI: 0.5 – 4.7). The pooled standardized mean difference 
(SMD) for dry eye symptoms was 0.81 (95 % CI: 0.25 – 1.37; I2 = 82 %; p < 0.00001; Z = 2.84, p = 0.004); tear 
quality was 0.44 (95 % CI: 0.06 – 0.81; I2 = 67 %; p = 0.003; Z = 2.26, p = 0.02); tear quantity was 0.45 (95 % 
CI: 0.03 – 0.88; I2 = 74 %; p = 0.0003; Z = 2.10, p = 0.04); and corneal staining 0.72 (95 % CI: 0.14 – 1.30; I2 =

85 %; p < 0.00001; Z = 2.43, p = 0.02). 
Conclusion: The current study shows that platelet-rich plasma is efficacious in managing dry eye disease, 
significantly reducing dry eye signs and symptoms. Such significant improvements could translate to improved 
quality of life.   

1. Introduction 

Dry eye disease, a multifactorial condition of the ocular surface, af
fects millions globally [1]. The public health significance and economic 
burden of dry eye disease have been well documented [2,3]. Risk factors 
for dry eye disease include age, gender, contact lens wear, systemic 

conditions such as diabetes, autoimmune disorders (e.g., Sjogren’s 
syndrome), and environmental conditions such as low humidity [4]. 
Commonly reported dry eye symptoms are dryness, burning sensation, 
grittiness, sensitivity to light, and intermittent visual disturbance, 
leading to an overall reduction in the patient’s quality of life [5–8]. 

Dry eye disease management options include ocular medications, 
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environmental modifications, surgical options, and intense pulsated 
light therapy [9,10]. Mild dry eye disease is usually managed with 
artificial tears or ocular lubricants, which mainly reduce symptoms but 
fail to repair injured tissues. However, moderate and severe dry eye 
disease is typically unamendable to ocular lubricants and is treated with 
anti-inflammatory agents such as steroids. Topical steroids are associ
ated with side effects such as increased intraocular pressure, cataracts, 
impaired wound healing, and elevated risk of ocular surface infection, 
making long-term use not viable [11]. Therefore, there is a need for 
therapies with better long-term use feasibility and fewer complications. 

Alio and colleagues first described using platelet-rich plasma in 
treating ophthalmic conditions in 2007 [12]. Platelet-rich plasma has a 
high platelet concentration compared to peripheral blood [13]. 
Although similar in its preparation to platelet-rich plasma, plasma rich 
in growth factor is considered a subtype of platelet-rich plasma that is 
high in growth factors such as transforming growth factor-beta and 
platelet-derived growth factor, devoid of leukocytes and lacking proin
flammatory activity [14]. Platelet-rich plasma has been explored in 
managing dry eye disease due to its rich concentration of anti- 
inflammatory agents and growth factors such as epidermal and 
platelet-derived growth factors, both beneficial for ocular surface repair. 
Platelet-rich plasma has successfully been used to treat ocular surface 
diseases, including dry eye disease, persistent epithelial defect, neuro
trophic keratitis, etc. [15–19]. 

Although Bernabei et al. [20] and You et al. [21] reviewed studies on 
platelet-rich plasma for treating dry eye disease and other ocular surface 
conditions, none of the authors attempted to estimate this approach’s 
beneficial and adverse effects using meta-analytic methods. The current 
study uses meta-analysis to summarize the benefits of platelet-rich 
plasma for treating dry eye disease and its adverse effects. 

2. Methods 

This review followed the recommendations in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement [22] (Supplement 1). The study was registered on PROSPERO 
(ID: CRD42022347982). 

2.1. Search strategy 

Four online databases – PubMed, Google Scholar, Web of Science, 
and Scopus – were searched for literature on treating dry eye disease 
with platelet-rich plasma. The following keywords were used in the 
literature search: “dry eye disease” OR “Dry eye syndrome” OR “Dry 
eye” OR “DED” OR “ocular surface disease” OR “Ocular graft-versus-host 
disease” OR “Ocular GvHD” OR “Sjogren’s syndrome” AND “platelet- 
rich plasma” OR “Blood platelets” OR “PRP.” The complete search 
strategy used in PubMed is presented in Supplement 2. The last litera
ture search was on December 20, 2022. Two reviewers independently 
performed the literature search. 

2.2. Study selection and eligibility criteria 

The inclusion criteria were:  

1. Prospective comparative studies (randomized and non-randomized) 
using platelet-rich plasma to treat dry eye disease.  

2. Platelet-rich plasma used as either mono or combination therapy.  
3. Before-after studies, also known as pre and post studies, (i.e., studies 

without a control group) were only included if they reported the 
safety profile of platelet-rich plasma.  

4. Subjective symptom scores and/or clinical signs before and after 
treatment or the change from baseline were reported.  

5. Clinical outcomes were reported with mean or median.  
6. A full-text study article must be available. 

Studies were included regardless of platelet-rich plasma formulation 
methods, route of administration, or the control treatment used. Only 
published studies and/or abstracts with full text available were 
included. Before-after studies (prospective and retrospective) were only 
used to analyze platelet-rich plasma treatment’s adverse effects (safety). 
For the assessment of clinical outcomes, only prospective comparative 
studies were used. Full-text articles of studies that passed the initial 
screening were obtained and screened for eligibility by two reviewers. 
Discussions with a third reviewer resolved article eligibility issues. 

Primary outcome  

1. Improvement in dry eye symptoms post-platelet-rich plasma 
treatment.  

2. Occurrence of adverse effects 

Secondary outcomes 
Improvement in:  

1. Tear quality post-platelet-rich plasma treatment  
2. Tear quantity post-platelet-rich plasma treatment  
3. Corneal staining post-platelet-rich plasma treatment 

2.3. Data extraction and study appraisal 

The following information was extracted from each study: authors’ 
names, study location, study design, sample size, age, gender, dose/ 
frequency, route of administration, control treatment, follow-up, clin
ical outcomes, and adverse effects. 

The following tools were used to assess the quality of included 
studies:  

1. Before-After studies - NIH (National Institutes of Health) quality 
assessment tool for before-after studies (https://www.nhlbi.nih. 
gov/health-topics/study-quality-assessment-tools).  

2. Randomized controlled studies - Cochrane risk of bias tool (RoB2)  
3. Non-randomized controlled studies - Methodological index for non- 

randomized studies (MINORS) 

The result of quality assessments is presented in Supplement 3. Two 
reviewers independently conducted data extraction and study quality 
assessments; discussions with a third reviewer resolved disagreements. 

2.4. Data synthesis and analysis 

Statistical analysis was performed using Review Manager (version 
5.4). Clinical outcomes were assessed using standardized mean differ
ence (SMD) with a 95 % confidence interval. The occurrence of adverse 
effects was evaluated using proportion with a 95 % confidence interval. 
For studies reporting results with median and interquartile range or 
range, the mean and standard deviation were estimated using the 
methods described by Wan et al.[23]. For studies that did not report the 
standard deviation for mean change from baseline, the methods 
described in the Cochrane Handbook for Systematic Reviews of In
terventions were used to compute the standard deviation (https://t 
raining.cochrane.org/handbook). When calculating the standard devi
ation from p-values, a conservative approach was adopted if a study 
reported the level of significance instead of the exact p-value. For 
example, for a significance level of p < 0.05, a p-value of 0.05 was used 
in the calculation. The degree of inconsistency (I2) was used to assess 
heterogeneity between studies. Significant heterogeneity was consid
ered as I2 ≥ 50 %[24]. A random-effects model was used for analysis 
when heterogeneity was significant, and a fixed-effect model when 
heterogeneity was non-significant. Sub-group analysis was conducted to 
explore sources of heterogeneity; factors considered included study 
design, control treatment used, and route of administration. Forest plots 
were used for the graphical presentation of findings. For all statistical 
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analyses, a p-value < 0.05 was considered statistically significant. 

3. Results 

3.1. Literature search 

1002 records were obtained from the database search. 554 dupli
cates were identified and removed. 19 studies were included in the 
systematic review and meta-analysis. Fig. 1 shows the steps in screening 
for eligible studies. 

3.2. Study characteristics 

Table 1 summarizes the characteristics of the studies included in the 
meta-analysis. Ten (10) studies were comparative studies: 6 randomized 
[25–30] and 4 non-randomized studies [19,31–33]. In addition, 3 
studies were prospective pre-post studies [34–36], and 6 were retro
spective pre-post studies [37–42]. 

3.3. Meta-analysis 

3.3.1. Occurrence of adverse effects 
Nine studies reported on the safety profile. The overall pooled rate of 

adverse effects was 2.6 % (95 % CI: 0.5 – 4.7). The common adverse 
effects reported were itchy eye, irritation, and dizziness. 

For traditional platelet-rich plasma (5 studies), the rate of occurrence 
of adverse events was 2.5 % (95 % CI: − 0.6 – 5.6), while for plasma rich 
in growth factor (4 studies), the rate of occurrence of adverse events was 
4.1 % (95 % CI: − 0.6 – 8.5). 

3.3.2. Clinical outcomes 
The pooled standardized mean difference for dry eye symptoms was 

0.81 (95 % CI: 0.25 – 1.37; I2 = 82 %; p < 0.00001). The overall effect 
size was statistically significant (Z = 2.84, p = 0.004). Fig. 2 shows the 

forest plot for the symptom scores for comparative studies. 
The pooled standardized mean difference for tear quality was 0.44 

(95 % CI: 0.06 – 0.81; I2 = 67 %; p = 0.003), with a statistically sig
nificant overall effect size (Z = 2.26, p = 0.02) (Fig. 3A). Similarly, the 
pooled standardized mean difference for tear quantity was 0.45 (95 % 
CI: 0.03 – 0.88; I2 = 74 %; p = 0.0003), also showing statistically sig
nificant overall effect size (Z = 2.10, p = 0.04) (Fig. 3B). 

Fig. 3C shows the forest plot for the corneal staining. The pooled 
standardized mean difference was 0.72 (95 % CI: 0.14 – 1.30; I2 = 85 %; 
p < 0.00001). The overall effect size was statistically significant (Z =
2.43, p = 0.02). 

3.4. Subgroup analysis 

3.4.1. Symptoms 
The standardized mean difference for randomized and non- 

randomized controlled studies were 0.59 (95 % CI: − 0.45 – 1.63; Z =
1.11, p = 0.27; I2 = 91 %) and 0.99 (95 % CI: 0.52 – 1.46; Z = 4.16, p <
0.0001; I2 = 38 %), respectively. No significant difference in effect size 
was observed between randomized and non-randomized controlled 
studies (p = 0.73). 

Studies using autologous serum as a control treatment had a stan
dardized mean difference of 0.16 (95 % CI: − 2.04 – 2.36; Z = 0.14, p =
0.89; I2 = 91 %, p = 0.0009), while studies using artificial tears/hya
luronan had a standardized mean difference of 0.99 (95 % CI: 0.45 – 
1.52; Z = 3.61, p = 0.0003; I2 = 78 %, p = 0.0003). No significant 
difference was found between the studies using different control treat
ments (p = 0.47). 

The standardized mean difference for eye drop administration was 
0.95 (95 % CI: 0.41 – 1.49; Z = 3.45, p = 0.0006; I2 = 77 %, p = 0.0007), 
while for lacrimal region injection administration, it was 0.26 (95 % CI: 
− 2.10 – 2.62; Z = 0.22, p = 0.83; I2 = 94 %, p < 0.0001). There was no 
significant difference in the effect size between the eye drop and 
lacrimal region injection routes of administration (p = 0.58). 

Fig. 1. PRISMA flowchart of steps in identifying studies. 1002 records were identified from the online literature search. 20 articles were included in the study.  

P. Kwaku Akowuah et al.                                                                                                                                                                                                                     



ContactLensandAnteriorEye47(2024)102091

4

Table 1 
Characteristics of studies included in the systematic review and meta-analysis.  

a. Comparative (controlled) clinical studies. 

Authors Location Study design Sample size Age (mean ± SD) Condition Treatment Dose/Frequency Follow-up 

Treatment 
(M/F) 

Control 
(M/F) 

Treatment Control Treatment Control Treatment Control Treatment Control 

Rawat et al., 
2022[31] 

India Non-randomized 
controlled study 

11/20 12/18 52.8 ±
12.8 

55.5 ±
13.4 

Dry eye disease Autologous 
platelet-rich 
plasma 

Carboxymethyl 
cellulose 

1 drop 4–6X daily 1 drop 
4–6X 
daily 

3 months 3 
months 

Avila et al., 2018 
[29] 

Columbia Randomized 
controlled study 

1/14 1/14 59.2 ± 3.4 52.7 ±
3.5 

Dry eye disease 
secondary to 
Sjogren’s syndrome 

Autologous 
platelet-rich 
plasma 

Hyaluronic acid 1 ml injection in 
the lacrimal 
region per month 

n.s 3 months 3 
months 

Fea et al., 2016 
[19] 

Italy Non-randomized 
controlled study 

1/19 0/10 60.4 ±
11.6 

59.5 ±
13.3 

Dry eye disease 
secondary to 
Sjogren’s syndrome 

Autologous 
platelet-rich 
plasma 

Hyaluronic acid 1 drop 4X daily 1 drop 4X 
daily 

3 months 3 
months 

Garcia-Conca 
et al., 2019 
[25] 

Spain Randomized 
controlled study 

44 39 62.1 ±
11.2 

66.2 ±
11.0 

Hyposecretory Dry 
eye disease 

Autologous 
platelet-rich 
plasma 

Sodium 
hyaluronate 

1 drop 6X daily 1 drop 6X 
daily 

1 month 1 month 

Elessawy et al., 
2021[28] 

Egypt Randomized 
controlled study 

4/16 6/14 54 ± 10 51 ± 6 Severe dry eye disease Autologous 
platelet-rich 
plasma 

Artificial tears 1 ml injection in 
the lacrimal 
region per month 

n.s 3 months 3 
months 

Mohammad 
et al., 2022 
[30] 

Egypt Randomized 
controlled study 

9/21 8/22 50.5 ±
12.8 

46.3 ±
12.9 

Severe dry eye disease Autologous 
platelet-rich 
plasma 

Autologous 
serum 

1 drop 6X daily 1 drop 6X 
daily 

3 months 3 
months 

Wróbel- 
Dudzińska 
et al., 2023 
[33] 

Poland Non-randomized 
controlled study 

0/11 0/11 62.2 ± 8.3 62.9 ±
10.9 

Dry eye disease 
secondary to 
Sjogren’s syndrome 

Autologous 
platelet-rich 
plasma 

Autologous 
serum 

1 drop 5X daily 1 drop 5X 
daily 

3 months 3 
months 

Wahdan, 2019 
[32] 

Egypt Non-randomized 
controlled study 

15 15 n.s n.s Dry eye disease Autologous 
platelet-rich 
plasma 

Sodium 
hyaluronate 

1 drop 6X daily 1 drop 6X 
daily 

1.5 
months 

1.5 
months 

Allam, 2021[26] Egypt Randomized 
controlled study 

10 10 n.s. n.s. Severe dry eye disease Autologous 
platelet-rich 
plasma 

Autologous 
serum 

1 ml injection in 
the lacrimal 
region per month 

1 drop 5X 
daily 

3 months 3 
months 

Emam et al., 
2021[27] 

Egypt Randomized 
controlled study 

13/18 11/20 n.s. n.s. Moderate to severe 
dry eye disease 

Autologous 
platelet-rich 
plasma 

Artificial tears 1 drop 4X daily 1 drop 4X 
daily 

1.5 
months 

1.5 
months  

b. Non-comparative (pre-post) clinical studies 

Authors Location Study type Study 
design 

Sample 
size 

Male/ 
Female 

Age (mean ±
SD) 

Condition Dose/Frequency Follow-up 

Alio et al., 2017[34] Spain Prospective Cohort 232 n.s. n.s. Evaporative dry eye disease 1 drop per eye, 6X daily 6 weeks or 
more 

Pezzotta et al., 2017[35] Italy Prospective Cohort 31 21/10 47 (7.7) Dry eye disease secondary to ocular Graft-versus-Host 
Disease 

4X daily 36 months 

Avila et al., 2014[36] Columbia Prospective Case series 4 n.s. n.s. Severe dry eye disease 1 ml injection in lacrimal region per 
month 

3 months 

Sanchez-Avila et al., 2017 
[38] 

Spain Retrospective Case series 26 0/26 59.9 (14.9) Dry eye disease secondary to Sjogren’s syndrome 4X daily 3 months 

Sanchez-Avila et al., 2017 
[40] 

Spain Retrospective Cohort 21 6/15 53.5 (14.7) Dry eye disease secondary to Laser-assisted in situ 
keratomileusis 

4X daily 1.5 months 

Merayo-Lloves, 2016[37] Spain Retrospective Cohort 83 17/66 58.8 (16.87) Evaporative dry eye disease 4X daily 6 months 
Sanchez-Avila et al., 2020 

[39] 
Spain Retrospective Case series 12 9/3 54.1 (10.8) Dry eye disease secondary to ocular Graft-versus-Host 

Disease 
4X daily 3 months 

Sanchez-Avila et al., 2018 
[42] 

Spain Retrospective Case series 31 15/16 58.58 (17.71) Dry eye disease secondary to neurotrophic keratitis 4X daily for 6, or 12 weeks 3 months 

Murtaza et al., 2022[41] Canada Retrospective Case series 10 5/5 n.s Evaporative dry eye disease 6X daily for 4 weeks 1 month 

SD – Standard deviation; n.s - Not stated 
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3.4.2. Tear quality 
The standardized mean difference for randomized and non- 

randomized controlled studies was 0.13 (95 % CI: − 0.11 – 0.37; Z =
1.07, p = 0.29; I2 = 0 %, p = 0.58) and 1.15 (95 % CI: 0.75 – 1.56; Z =
5.62, p < 0.0001; I2 = 0 %, p = 0.84), respectively, indicating a sig
nificant difference in effect size between the two study types (p <
0.0001). 

Studies using autologous serum as a control treatment had a stan
dardized mean difference of 0.31 (95 % CI: − 0.59 – 1.22; Z = 0.68, p =
0.50; I2 = 76 %, p = 0.02), while those using artificial tears/hyaluronan 
had a standardized mean difference of 0.50 (95 % CI: 0.06 – 0.94; Z =
2.24, p = 0.02; I2 = 68 %, p = 0.02). No significant difference was 
observed between the studies using different control treatments (p =
0.72). 

The standardized mean difference for eye drop administration was 
0.62 (95 % CI: 0.22 – 1.02; Z = 3.03, p = 0.002; I2 = 65 %, p = 0.01), 
whereas, for lacrimal region injection administration, it was − 0.20 (95 
% CI: − 0.71 – 0.31; Z = 0.76, p = 0.44; I2 = 0 %, p = 0.40). A significant 
difference in effect size was found between the eye drop and lacrimal 
region injection routes of administration (p = 0.01). 

3.4.3. Tear quantity 
The standardized mean difference for randomized and non- 

randomized controlled studies were 0.53 (95 % CI: 0.21 – 0.85; Z =
3.25, p = 0.001; I2 = 36 %, p = 0.18) and 0.43 (95 % CI: − 0.77 – 1.63; Z 
= 0.70, p = 0.48; I2 = 88 %, p = 0.0002), respectively. No significant 
difference in the effect size between randomized and non-randomized 
controlled studies was observed (p = 0.88). 

The standardized mean difference for studies using autologous serum 
as control treatment was 0.52 (95 % CI: − 0.03 – 1.08; Z = 1.84, p = 0.07; 
I2 = 40 %, p = 0.19); artificial tears/hyaluronan was 0.42 (95 % CI: 
− 0.18 – 1.03; Z = 1.38, p = 0.17; I2 = 83 %, p = 0.0001). There was no 
significant difference between studies using the various control groups 
(p = 0.81). 

The standardized mean difference for eye drop administration was 
0.44 (95 % CI: − 0.06 – 0.95; Z = 1.72, p = 0.09; I2 = 79 %, p = 0.0003), 
and for lacrimal region injection administration was 0.49 (95 % CI: 
− 0.48 – 1.46; Z = 0.99, p = 0.32; I2 = 68 %, p = 0.60). No significant 
difference in the effect size between eye drop and lacrimal area injection 
route of administration was observed (p = 0.93). 

3.4.4. Corneal staining 
The standardized mean difference for randomized controlled studies 

was 0.83 (95 % CI: 0.06 – 1.60; Z = 2.11, p = 0.04; I2 = 88 %, p <

0.00001) and for non-randomized controlled studies was 0.44 (95 % CI: 
− 0.46 – 1.34; Z = 0.95, p = 0.34; I2 = 76 %, p = 0.04). No significant 
difference in the effect size between randomized and non-randomized 
controlled studies was observed (p = 0.52). 

The standardized mean difference for studies using autologous serum 
as control treatment was 0.46 (95 % CI: [-0.76 – 1.68; Z = 0.74, p = 0.46; 
I2 = 82 %, p = 0.02); artificial tears/hyaluronan was 0.81 (95 % CI: 0.06 
– 1.55; Z = 2.13, p = 0.03; I2 = 88 %, p < 0.00001); and artificial tears 
was 0.66 (95 % CI: 0.07 – 1.25; Z = 2.18, p = 0.03; I2 = 70 %, p = 0.04). 
There was no significant difference between studies using the various 
control groups (p = 0.90). 

The standardized mean difference for eye drop administration was 
0.80 (95 % CI: 0.09 – 1.52; Z = 2.20, p = 0.03; I2 = 88 %, p < 0.00001) 
and for lacrimal region injection administration was 0.46 (95 % CI: 
− 0.80 – 1.73; Z = 0.72, p = 0.47; I2 = 81 %, p = 0.02). No significant 
difference in the effect size between eye drop and lacrimal area injection 
route of administration was observed (p = 0.65). 

Table 2 summarizes the results of the subgroup analysis. The forest 
plots for the subgroup analysis are presented in Supplement 4–7. 

4. Discussion 

Management of dry eye disease has shifted from artificial tears to 
options such as anti-inflammatory and immune-modulatory agents and 
biological tear substitutes [43] in recent years, following the recognition 
of inflammation and hyperosmolarity as the underlying cause of dry eye 
disease [1]. Biological tear substitutes such as autologous serum and 
platelet-rich plasma preparations share similar characteristics 
(including pH, nutritional content, and growth factors) to human tears 
[43]. Platelet-rich plasma preparations are useful in managing ocular 
surface defects due to their high concentration of growth factors and 
anti-inflammatory agents. Compared to autologous serum, platelet 
preparations have more essential growth factors and cell adhesion 
molecules necessary for ocular surface healing [44]. 

The current systematic review and meta-analysis revealed a signifi
cant improvement in subjective dry eye symptoms with platelet-rich 
plasma compared to artificial tears/hyaluronan control treatments. 
Conversely, there were no differences in improvement in dry eye 
symptoms between platelet-rich plasma and autologous serum, sug
gesting similar effects for both treatments on dry eye symptom relief. 
Most patients with dry eye disease experience ocular surface symptoms 
that affect their quality of life; hence, treating dry eye symptoms is 
essential to patient functionality and rehabilitation. Artificial tears 
relieve dry eye symptoms by lubricating the ocular surface, treating the 

Fig. 2. Forest plot for the change of dry eye symptom score following platelet-rich plasma treatment compared to control treatment. The pooled SMD was 0.81 (95 % 
CI: 0.25 – 1.37). Experimental – Platelet-rich plasma; Control – autologous serum/hyaluronan/artificial tears; SD – standard deviation; black diamond represents 
pooled estimates; the size of the green square represents the weight of each study. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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symptoms but not the underlying causes. Other disadvantages of artifi
cial tears include the need for frequent drop application and lower ef
ficacy after long-standing treatment, with some preservative-containing 
artificial tears paradoxically exacerbating dry eye symptoms [34]. The 
Dry Eye Workshop II (DEWS II) report, therefore, recommends autolo
gous serum and platelet-rich plasma in step 3 of dry eye disease 

management [43]. Both autologous serum and platelet-rich plasma 
contain growth factors that improve ocular surface health, facilitate 
wound healing, and lubricate the ocular surface. However, platelet-rich 
plasma is richer in growth factors than autologous serum due to the loss 
of platelets during autologous serum preparation and dilution. Despite 
autologous serum containing pro-inflammatory enzymes such as matrix 

Fig. 3. Forest plots for the change in tear quality (A), tear quantity (B) and corneal staining (C) scores following platelet-rich plasma treatment compared to control 
treatment. The pooled standardized mean difference for tear quality was 0.44 (95 % CI: 0.06 – 0.81); tear quantity was 0.45 (95 % CI: 0.03 – 0.88); and corneal 
staining was 0.72 (95 % CI: 0.14 – 1.30). Experimental – Platelet-rich plasma; Control – autologous serum/hyaluronan/artificial tears; SD – standard deviation; black 
diamond represents pooled estimates; green square size represents each study’s weight. (For interpretation of the references to colour in this figure legend, the reader 
is referred to the web version of this article.) 
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metalloproteinases [45], this fundamental difference potentially de
creases the efficacy of autologous serum compared to platelet-rich 
plasma [46]. Aside from being a substitute for artificial tears and 
sharing similar characteristics to human tears, platelet-rich plasma is 
preservative-free and has a high content of epithelial growth factors, 
insulin-like growth factors, vitamin A [47], and anti-inflammatory 
properties [15]. 

The current study showed significant improvements in tear quality 
and production in dry eye disease following platelet-rich plasma treat
ment. The improvement of tear quantity score suggests tear/lacrimal 
volume increase either due to suppression of the inflammation of the 
lacrimal functional unit or stimulation of the lacrimal system, while 
improvement in tear quality suggests increased stability of the lacrimal 
film that may support improved mucin secretion by the conjunctival 
goblet cells and/or the lacrimal gland. Improvement in tear quality may 
also suggest improved quality of the lipid layer of the tear film. 

Corneal staining is useful for assessing disease severity and moni
toring response to treatment of dry eye disease. In addition, the 
morphological pattern and topographical distribution of corneal stain
ing help determine the underlying etiology of dry eye [48]. Corneal 
stains, therefore, are an important dry eye disease diagnostic test rec
ommended in TFOS DEWS II guidelines [49]. The current study 
observed a significant improvement in corneal staining following 
platelet-rich plasma treatment, potentially due to tissue regeneration 
initiated by the growth factors in platelet-rich plasma. 

For all ocular surface parameters assessed, using lacrimal injection as 
the route of administration produced no significant beneficial effect. 
However, administering platelet-rich plasma as eye drops produced 
clinically significant improvements in dry eye symptoms, tear quality, 
tear quantity, and corneal staining. Injection is a common drug 
administration approach when specific tissue regeneration is needed. 
Platelet-rich plasma is employed for tissue regeneration as it creates a 
local environment rich in growth factors and other cytokines, influ
encing the migration and proliferation of several cell types [50]. 
Lacrimal gland injection of platelet-rich plasma aims to stimulate the 
lacrimal gland and would be most effective if a compromised lacrimal 
gland is the major etiology of dry eye disease [51]. However, lacrimal 
gland injection may not be suitable for administering platelet-rich 
plasma and other treatments if the etiology of the dry eye disease is 
not lacrimal gland related, e.g., meibomian gland dysfunction-related 
dry eye disease or goblet cells-related (mucin-deficiency) dry eye 
disease. 

Despite the numerous benefits of platelet-rich plasma in managing 
dry eye disease, it is essential to note that some studies have reported 
some adverse effects. Side effects attributed to the use of platelet-rich 
plasma include itching [37,42] and dizziness [37], conjunctivitis [19], 

eye pain [18], and irritation [38]. A primary safety consideration for 
blood-based eye drops, such as platelet-rich plasma and autologous 
serum, is the risk of microbial contamination during preparation and 
storage. There is a requirement for strict adherence to sterile procedures 
in preparing and storing these eye drops, necessitating proper patient 
care and use instructions to minimize contamination. 

Using platelet-rich plasma for dry eye disease treatment presents 
several advantages, including the autologous nature, ease of prepara
tion, and cost-effectiveness. Platelet-rich plasma contains platelets, 
growth factors, and cytokines; these facilitate corneal epithelial cell 
proliferation, migration, and differentiation, thus helping to maintain 
optimal ocular surface conditions [52,53]. Moreover, autologous 
platelet-rich plasma has been used successfully in other ocular surface 
disorders such as post-LASIK ocular surface disorder, persistent epithe
lial defects, alkali burn, and corneal surface reconstructions [15,54–56]. 

A limitation in this systematic review and meta-analysis was the 
observed heterogeneity, which may have been due to the variation in the 
methods of the studies included, such as the use of an invasive method 
(fluorescein dye) to assess the tear quality, which can destabilize the tear 
film [49]. Similarly, the use of Schirmer’s strips without anesthesia to 
assess tear production, though standardized, also has limitations, 
potentially resulting in variability of the results obtained [49]. A key 
strength of the current meta-analysis is the inclusion of studies investi
gating different forms of dry eye disease, including ocular GVHD, 
Sjögren’s syndrome, etc., and a diverse population of subjects. 
Improving subjective dry eye symptoms, tear production, and quality in 
the different dry eye disease types studied suggests that platelet-rich 
plasma can effectively manage ocular surface disease. Since TFOS rec
ommends autologous platelet-rich plasma drops as a step 3 management 
strategy for dry eye disease [43], the results from this meta-analysis bear 
direct clinical relevance and impact on the eye care practitioner. 

5. Conclusion 

The current study shows that platelet-rich plasma is efficacious in 
managing dry eye disease, significantly reducing dry eye signs and 
symptoms with platelet-rich plasma treatment. Such significant im
provements could translate to improved quality of life. 
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Table 2 
Summary of subgroup analysis.  

Subgroup  Symptoms Tear quality Tear quantity Corneal staining   

N Effect size N Effect size N Effect size N Effect size 

Study design Randomized 4 0.59 (95 %CI: − 0.45 – 
1.63) 

5 0.13 (95 % CI: − 0.11 – 
0.37) 

5 0.53 (95 % CI: 0.21 – 
0.85) 

5 0.83 (95 % CI: 0.06 – 
1.60)  

Non-randomized 4 0.99 (95 % CI: 0.52 – 
1.46) 

3 1.15 (95 % CI: 0.75 – 
1.56) 

3 0.43 (95 % CI: − 0.77 – 
1.63) 

2 0.44 (95 % CI: − 0.46 – 
1.34)  

Subgroup difference p = 0.73 p < 0.0001 p = 0.88 p = 0.52 
Control treatment Autologous serum 2 0.16 (95 % CI: − 2.04 – 

2.36) 
3 0.31 (95 % CI: − 0.59 – 

1.22) 
3 0.52 (95 % CI: − 0.03 – 

1.08) 
2 0.46 (95 % CI: [-0.76 – 

1.68)  
Artificial tears/ 
Hyaluronan 

6 1.13 (95 % CI: 0.33 – 
1.93) 

5 0.50 (95 % CI: 0.06 – 
0.94) 

5 0.42 (95 % CI: − 0.18 – 
1.03) 

5 0.81 (95 % CI: 0.06 – 
1.55)  

Subgroup difference p = 0.47 p = 0.72 p = 0.81 p = 0.63 
Route of 

administration 
Eye drops 6 0.95 (95 % CI: 0.41 – 

1.49) 
6 0.62 (95 % CI: 0.22 – 

1.02) 
6 0.44 (95 % CI: − 0.06 – 

0.95) 
5 0.80 (95 % CI: 0.09 – 

1.52)  
Lacrimal region 
injection 

2 0.26 (95 % CI: − 2.10 – 
2.62) 

2 − 0.20 (95 % CI: − 0.71 – 
0.31) 

2 0.49 (95 % CI: − 0.48 – 
1.46) 

2 0.46 (95 % CI: − 0.80 – 
1.73 

Subgroup difference  p = 0.58 p = 0.01 p = 0.93 p = 0.65 

N - number of studies. 
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